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This review of published research focuses attention on the question of whether natural resources 
available in East Sumba, Nusa Tenggara Timor, Indonesia, can provide for organic soil amendment 
practices that will raise crop productivity and hence standards of living of people in the Regency. It 
examines the principles and practice of organic soil amendment against the background of soil 
erosion that some forms of land-use have wrought within the semi-arid tropical zone of southern 
Indonesia. Organic soil amendment is more than a question of providing plant-available 
macronutrients; it is about creating the optimum ecological conditions for crops to thrive repeatedly 
over the years and about increasing the food security of people dependent on the crops. Crop yields 
in east Sumba are as much constrained by seasonal limitations in available moisture and very likely 
by specific micronutrient deficiencies as they are by low levels of macronutrients. In this review, 
organic soil amendments in the broadest sense are catalogued, and attention is focused particularly 
on what the international literature tells us about the kinds of plant-based organic materials that best 
contribute to the long-term rebuilding of soil organic matter in tropical lands degraded by past 
erosive land-use practices. Crop productivity can be increased by (1) matching crop choice (at 
variety, species and crop community levels) to identified environmental niches, by (2) modifying 
crop growing environments to reduce plant stress from moisture and specific nutrient deficiencies, 
and with (3) novel approaches that promote beneficial synergies between organisms within crop 
ecosystems. 
 




Much of Sumba is hilly and rugged (Figure 1). Away from the more arable flat land 
of the coastal fringes, subsistence farmers rely on the success of dryland cropping 
regimes for most of their food and to provide some cash income. However past forest-
clearances, seasonal burning of grasslands, grazing pressure, and the dependence of 
cropping on steep-sided, narrow valley floors have eroded precious soil resources 
(Hobgen et al., 2014; Hobgen, 2015). 
In socio-economic surveys of the Kambaniru catchment in East Sumba, farmers 
nominated reductions in soil fertility and consequent declines in crop yields, as a 
significant threat to household economy and food security. It was this feedback from 
farmers that prompted the Indonesian NGO, KOPPESDA (Organisation for the 
Coordination of Natural Resource Management Research) based in Waingapu, East 
Sumba to engage the author (an Australian volunteer agronomist) to: ‗work with 
KOPPESDA staff to improve their understanding of organic farming, particularly in 
relation to organic fertilisers to write a review of use, production, costs and benefits of 
organic fertilizers in other tropical locations, for future reference of KOPPESDA staff to 
design and implement an appropriate organic fertiliser trial to evaluate farming 
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techniques with use of organic fertilizers, including comparisons of yield, input costs, 
and labour requirements [and] produce a framework for analysing trial results and 
tracking progress‘ (Assignment Description AV1112ID15, Australian Volunteers for 
International Development 2013). 
This report focusses on the first part of these terms of reference. The outcome of the 
series of field trials is dealt with elsewhere (please email the author for a report of these 
trials).  
 
Fig. 1. (a) topographic map of Nusa Tenggara Timur (source: CartoGIS, 2017) (b) soils 
map of East Sumba (based on:Mulyani et al., 2013) 
2. The abiotic constraints on crop production in East Sumba 
The climate of the East Sumba Regency can be described as semi-arid in both 
temporal and spatial terms. Areas of the South-western coast and slopeland of East 
Sumba receive more than 2000 mm rainfall per year, but the North-eastern third of the 
regency on average receives less than 1000 mm per year; during 5 to 8 months of the 
year the rainfall is less than 100 mm per month (Mulyani et al. 2013). Melolo and 
Waingapu on the Northeast coast (Fig. 1) receive on average around 800 mm per year 
with only four months of the year receiving more than 100 mm per month whereas 
upland Kananggar receives almost twice that amount of rain per year and has only six 
months in which rainfall is less than 100 mm (Ives 1973). Despite the higher rainfall of 
much of the uplands, it is the lowlands, particularly the precious Vertisol flats that have 
evolved where rivers meet ocean, that tend to produce the greatest diversity and yield or 
annual crops such as rice, maize and marketable vegetables. This is due in large 
measure to more favourable abiotic environment for crop production, not merely 
because they are in areas closer to transport, services and political support.  
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The steep, rugged topography of the interior coupled with more intensive rainfall 
events, in addition tounwise forest-clearing and land-use practices have eroded much of 
the slope land resulting in soils often less than 50 cm in depth outside the protection of 
forest cover. In the narrow river valleys where mature soils (especially Vertisols and 
Mollisols) have formed to a depth greater than 100 cm, high-yielding annual cropping is 
possible (Mulyani et al. 2013). Fed by sediments from the slopes, and close to riverine 
water sources, these soils can be very productive without external fertiliser inputs. Some 
well-watered areas of upland plateau land, for example around Lewa in the west of the 
regency, influenced by soils derived from volcanic and limestone parent material are 
also productive. Prasetyo et al. (1998) carried out a field survey of soils in Lewa and 
surrounds. They encountered soils belonging to five soil orders - Entisols, Inceptisols, 
Vertisols, Mollisols, and Ultisols - indicating something of the considerable 
heterogeneity that occurs widely within the whole of Nusa Tenggara Timur. Laboratory 
analyses of samples from five soil profiles dug within the Lewa District, indicated that 
soils were high in Cation Exchange Capacity (CEC)in general, and exchangeable 
calcium particularly. Soil pH varied from acidic to neutral. Phosphate absorption was 
high, resulting from calcium and aluminium binding. 
The dominance of cations like calcium and magnesium in determining nutrient 
availability of soils in Sumba is a widespread phenomenon owing to the uplifted marine 
lithology of much of the coastline and slopes of East Sumba and is an additional factor, 
apart from low rainfall and rugged topography, influencing land use capability in the 
regency. The district of Kabaru at the eastern end of Sumba is representative of much of 
the extensive remnant coral reef and marine sediments that extend quite a way inland 
from the coast in this part of the Regency. Laboratory analysis by Ives (1973) of soils 
from Kabaru again revealed high CEC and exchangeable calcium and magnesium in 
profiles from four different classes of soil in the area. In contrast to the Lela 
environment however, soil pH was neutral to slightly alkaline. The author suggested 
that the high levels of calcium and magnesium in all soils ‗affect uptake of other 
essential plant nutrients‘. This together with the relatively shallow, stony, erodible 
nature of the soils provides part of the explanation as to why this kind of land tends to 
carry grasslands dominated by Heteropogon contortus and Themeda spp., or, on 
theheavier soils, by Imperata cylindrica. These grasslands are used for grazing livestock 
rather than for crop production. 
Demonstrating the caution that must be taken in making general conclusions from 
the quite limited number of detailed empirical investigations carried out on the soils of 
Sumba, is the study of Mulyani et al. (2013). At one site in their study, a site in central 
Sumba, a vertisol soil sampled from sloping land on a tectonic plain proved to have 
very low pH (4.3 in the top soil and 4.1 at a metre depth), low organic carbon (2.2% in 
the top soil), negligible exchangeable calcium and magnesium, and very low overall 
CEC. 
3. Cropping practices in East Sumba 
Given the harshness of the East Sumba, it is not surprising that land-use is curtailed 
compared with better endowed physical environments in for example Java and Bali. 
Government statistics (using FAO standardised definitions) of current land use for East 
Sumba are revealing. Comparing East Sumba with West Sumba Regency and with Nusa 
Tenggara Timur as a whole, the fraction of the total available land area used for rice 
fields is 1.3%, 10% and 2.6% respectively, while the fraction used for cultivated 
dryland field (non-rice) is 10%, 21% and 18% respectively (cited by Vel and Respati 
Nugrohowardhani, 2012, p. 15). 
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Householders in the uplands of the East Sumba pursue a wide range of subsistence 
farming and food gathering practices. Wet rice cultivation is vitally important where 
suitable land is available. Fields tend to be prepared and planted at the beginning of the 
season in a communal ‗gotong royong‘ system with men helping each other to prepare 
their respective fields, and with women in groups planting the rice, field after field. 
Dryland fields are farmed using shifting agricultural systems and are usually managed 
by individual households. Crops planted include maize, sorghum, cassava, taro, sweet 
potato, mung beans, cucurbits and various climbing beans, depending on the suitability 
of the climate, soil and topography. In small protected gardens, close to the households, 
women grow fruit and vegetables for day to day use and for sale in village markets. 
Fertiliser use in these upland localities is rare. Inorganic fertilisers are often 
unavailable. Where they are available they are usually expensive, requiring changes to 
farming techniques which carry significant economic risk for farmers inexperienced in 
their use.  
While there are many potential sources of organic soil amendments within the 
natural environment of East Sumba, the use of these must be well-targeted because of 
the high labour requirement in their application. Such amendments are both a source of 
mineral elements and a way of improving the physical properties of the soils so that 
they better retain the mineral nutrients and water required by plants for their growth and 
productivity. However, as Justus von Liebig suggested long ago, not just any old 
nutrient will do; the productivity of a crop growing in soil is constrained by the 
availability of the most limiting specific factor in the soil (Fig 2.). Specific mineral 
nutrients removed in harvested crop produce must eventually be replaced in the soil, 
preferably by low cost natural means, if crop productivity is to be sustained over time. 
For a full discussion of the relevance of Liebig‘s Law of the Minimum, of its 
limitations, and of experimentation that puts some of these thoughts to the test in the 
context of long term organic fertiliser use, see the following: Liebig (1842); Dennison 
(1961); Djokoto and Stephens (1961); Sinclair and Park (1993); Lark (2001); 
Rothamsted (2017); Harpole et al. (2011); and Ellsworth et al (2017). 
 
Fig. 2. Plant growth is controlled not by the total of resources available but by the 
scarcest resource, i.e. the most limiting factor (Figure adapted from Centre for 
Sustainable Development & Food Security 2017). In practical terms, this means 
that it doesn‘t matter how many tonnes of manure and fertiliser you apply to a 
crop, if the fertiliser does not contain the factor that is most limiting in the 
environment, it will provide limited benefit to plant growth in the short term. 
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4. Organic soil amendments in the tropics - principles 
4.1. Organic farming – what is it? 
Organic farming is a way of raising crops and livestock that relies on practices 
like crop rotation, appropriate mechanical cultivation, use of animal manures and 
green manures, and integrated pest management: to produce food and materials of 
economic benefit for humans, while aiming to maintain healthy soils; control pests, 
weeds and diseases; and reduce harmful effects on people and environment.  
Organic farming favours tried-and-true methods with deep historical roots (see 
for example King, 1911; Pimental et al., 2005; Sheil et al., 2012) and is cautious, not 
to say precautionary, about recently developed technologies such as the use of 
manufactured inorganic fertilisers, chemical pesticides and genetically engineered 
plants and animals with only a very brief history (a little over one century) of 
application in the field; many of which significantly change the power balance 
between input suppliers, farmers, and consumers.  
Nevertheless, organic farming is best thought of in pragmatic rather than 
ideological terms. Four general principles should be considered when rural 
development workers set about encouraging farmers to adopt any given organic 
farming practice or indeed ‗organic farming‘ as a package: 
Has it been scientifically evaluated? 
Unless a new technology stacks up scientifically (both in terms of the principles 
underlying its application and in terms of the specific evidence arising from 
experimental testing of hypotheses), it will be wasteful of human resources to spend 
time attempting to evaluate it in economic terms.  
Will it leave farmers and their communities better off than before? 
Even if it can be shown that there is a potential economic benefit in adopting a 
new organic farming practice (and that will depend on a whole range of important 
considerations such as availability of inputs; the labour required to gather and use 
them; the availability of markets for the output; the costs of packaging and transport 
output to such markets; price premiums the market is prepared to pay for organically 
produced product; the costs of complying with the regulatory requirements of such 
market etc.) there is a question of the social adjustments required by the farmer, 
household and community in applying a new technology. Who will benefit? Will 
there be losers? 
Will it leave consumers better off than before? 
It is generally assumed that consumers benefit from organic produce in terms of 
freedom from chemical residues, perhaps improved nutritional value, and perhaps 
less waste in terms of over-packaging and marketing ploys. These assumptions 
always need to be tested; in unregulated markets, there is sometimes a trade-off 
between reductions in chemical residues and increases in biological (i.e. organic) 
contamination of the end-product.  
Farmers who grow certified organic produce are usually in pursuit of a higher 
price for their product than are non-organic producers. Consumers who wish to 
purchase such produce will only be those who can afford to do so. Well-off urban 
dwellers and tourists may be the only consumers who benefit from certified organic 
marketing. 
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Will it leave the environment better off than before? 
A key goal of organic farming strategies is to reduce negative impacts upon the 
agricultural and wider environment. Organic farming strategies aim to utilise and 
render harmless potentially damaging materials resulting from every-day human 
activity (materials such as sewage, urban garbage and effluent from intensive 
livestock industries); aim to gather plant and animal by-products from farming and 
related activities that might otherwise be burned or go to waste and to recycle them 
for the long-term benefit of agricultural soils; and aim to reduce the risk of 
potentially damaging residues from the indiscriminate use of inorganic fertilisers, 
pesticides and other agro-chemical materials on agricultural lands. 
However, it is important, especially in a context such as East Sumba, that 
whatever farming practice is used it maximise and sustain the productivity of the 
limited areas of good quality arable land available to rural communities. Any 
methods that limit this productivity will reduce food security and incomes and put 
substantial pressures on communities to expand the area of land that they attempt to 
farm. Inevitably, under such pressures farming will expand out from arable land into 
more marginal land: from valleys onto slopes, from well-watered to dryer climates, 
and from lands with an established farming history into virgin forest land and other 
regions of precious bio-diversity. If by adopting organic farming methodologies the 
productivity of good arable land is curtailed, human misery and environmental 
degradation will be the end-result. Organic farming methodologies if they are to be 
recommended must be well founded, and well targeted otherwise they will merely 
exacerbate existing problems. 
4.2. Organic fertilisers – what are they? 
The term ‗organic fertiliser‘ is applied to materials derived from animal or 
vegetable matter (e.g. compost, manure) used to amend the properties of agricultural 
soils to improve crop productivity. Land plants depend on soil for water and 
nutrients. They are anchored in soil by their roots and the soil must provide an 
environment in which roots can function. This requires pore space for root extension, 
oxygen for root respiration and an absence of inhibitory factors such as extreme pH 
levels or toxic concentrations of salts. Organic soil amendments can contribute 
positively to these soil properties as well as meeting some of the nutrient elements 
required for plant growth. 
At least sixteen elements are considered necessary for the growth of plants. 
Carbon (C), hydrogen (H) and oxygen (O) combined in photosynthesis, are obtained 
from air and water. The remaining 13 elements are obtained largely from soil; six 
macro-nutrients (N, P, K, Ca, Mg, S) and seven micronutrients (Mn, Fe, B, Zn, Cu, 
Mo, Cl). More than 40 other elements have been found in plants but these are not 
considered essential to complete the life cycles of most plant species. 
Nutrients become available to plant either by release from the mineral 
component or from the decay of organic matter in the soil. They are absorbed mostly 
from the soil solution or from colloid surfaces, as ions. Naturally available organic 
fertilisers - such as applied farmyard manures (FYM), incorporated green manure 
materials derived from leguminous trees like Tamarind (‗Pohon Asam‘) or Leucaena 
(‗Lamtoro‘) leaf litter, and ploughed-in crop residues such as the tops harvested from 
peanut plants - contain only a low density of plant available nutrient elements 
compared with factory produced chemical fertilisers Zublena et al. (1997). Higher 
grade naturally occurring organics such as guano, worm castings or sea weed, and 
processed organics such as compost, blood and bone meal, pelletized chicken manure 
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and seaweed extracts have higher nutrient percentages but are often less widely 
available.   
In many contexts, the financial unit cost of using widely available organic 
manures as a source of plant nutrients is higher than the cost of manufactured 
inorganic fertilisers because of the significant labour and transport costs involved in 
gathering, working and deploying these bulky materials  
On the other hand, inorganic fertilisers with high nutrient density have been 
associated with various problems especially when used long-term on a given area of 
land: these problems can include such things such as excessive nutrient runoff into 
water supplies; accumulation on land of contaminants (e.g. heavy metals) introduced 
in low grade impure inorganic fertilisers; trace element depletion in cases where the 
fertiliser only provide macronutrients; negative impacts on useful soil micro-
organisms such as mycorrhizae; and the vulnerability of farmers to input supply 
chains outside their control. In the case of tropical regions such as Indonesia, the use 
of acidulated inorganic fertilizers has contributed to soil degradation from aluminium 
toxicity, which can only be countered by applications of limestone or dolomite which 
neutralises the acid pH. 
Table 1 summarises some of the limitations and problems encountered with 
using inorganic fertilisers compared with organic fertilisers as ways of providing 
nutrients to plants. 
Table 1. Comparison of some of the limitations of organic and inorganic fertilizers 
used to provide nutrients for crop growth and production 
Mineral/ inorganic fertilizers 
 Require high cash outlay 
 Availability may be limited, especially in remote areas  
 Need to be applied seasonally 
 High economic risk of use especially in low rainfall areas 
 Potential negative environmental effects associated with indiscriminate long 
term use 
Organic fertilizers 
 Low nutrient density, generally requiring large amounts to have desired effects 
 Heterogeneous composition, and may be lacking in a critical limiting nutrient 
 High labour investment needed for harvesting (e.g. green manures) and 
preparation (cattle manure)  
 Green manures (e.g. legumes used in rotations) must occupy land at a time when 
othermore valuable food crops could be grown.  
 
It has increasingly been demonstrated in research that the benefits derived from 
applying organic soil amendments are wider than those that accrue from simply 
replacing the nutrient elements (e.g. nitrogen, phosphorus and potassium) removed in 
harvested crop products (e.g. grain and fruits). Continuous cropping without the 
addition or return of fresh or decomposed organic matter can eventually result in the 
rundown in soil organic matter, a decline in soil structure and in the ability of the 
soils to retain and slowly release nutrients and water to plants over time (Pimental et 
al. 2005).  
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 Organic methods of fertilising soils provide long term benefits out of proportion 
to their meagre nutrient density of the raw materials. Soil is more than just a physical 
and chemical medium in which plants are anchored and supplied with nutrients. A 
soil is also a biological medium - an ecosystem in fact - and many of its most useful 
properties derive from that fact. While it is certainly possible to grow economically 
successful crops in a soil-less medium by hydroponic methods, such approaches 
depend on a high investment of capital and knowhow beyond the reach of 
subsistence farmers. Plants have been growing in soil ecosystems for millions of 
years. It would be surprising indeed if they did not benefit from the biological 
properties of this medium. Some of these benefits are listed in Table 2. 
Table 2. Activities of soil organisms and their benefits to farmers (Adapted from 
Lines-Kelly et al. 2009) 
Organism activity Benefits to farmers 
1. Moving through the soil and mixing it 
up 
Earthworms, dung beetles, ants, termites, 
and larger animals such as land crabs, mice 
and rats etc. move through the soil and mix 
it up. 
Improves soil drainage and air flow 
The holes they make improve airflow and 
drainage. 
Plant roots grow more easily because the 
soil is softer and better drained. 
2. Shredding large pieces of organic 
matter 
Shredding organisms (e.g. beetles, slaters, 
centipedes, collembola and mites) feed on 
large pieces of organic matter such as dead 
leaves and roots, dead wood and dried 
manure. 
Accelerates breakdown of organic 
matter. 
 The large pieces are broken down into 
smaller pieces that can then be eaten and 
decomposed by smaller organisms. If the 
larger pieces were not broken down the 
land would be covered in dead wood and 
leaves. 
3. Soil micro-organisms decompose 
organic matter 
The rotting and decay of organic matter by 
bacteria and fungi feeding on it 
decomposes it to form: 
* nutrient elements for plants such as 
nitrogen (N), phosphorus (P) and 
potassium (K) 
* nutrients for microorganisms (carbon) 
* humus (smallest units of organic matter 
that cannot be broken down any 
further). 
Converts organic matter into nutrients 
Decomposition provides nutrients for 
plants.  
Decomposition also produces humus, dark 
fertile organic matter with high carbon 
content that holds nutrients and moisture.  
Microorganisms store nutrients in their 
bodies. When they die the nutrients become 
available. 
4. Some soil organisms help plant roots 
access more nutrients in the soil 
 Rhizobium bacteria living in nodules on 
legume plant roots fix nitrogen from the 
air. Some of this fixed nitrogen becomes 
available to the plants.  
  Mycorrhizal fungi in healthy soil attach 
to roots of many plant species, and extend 
into the soil to obtain nutrients, 
particularly phosphorus.  
Provides additional nutrients for plants 
Peanuts, soybean and Leucaena depend on 
Rhizobium for nitrogen. If residues from 
these crops are returned to soil some of this 
fixed nitrogen may become available to the 
next crop grown in the soil. 
Mycorrhizal fungi can reduce the amount 
of external phosphorus needed by the soilto 
support plant growth and productivity. 
5. Soil organisms feed on other 
organisms to maintain balance in the soil 
Bacteria feed on fungi, fungi feed on 
nematodes, nematodes feed on other 
nematodes, and mites feed on aphids. This 
Maintains a balance between organisms 
so they do not become pests or cause 
plant root diseases 
The food web keeps organism species and 
numbers in balance. 
Eagleton G. 2017 
67  
is the soil food web. 
Some organisms feed on plant roots and 
damage crops.However, in a strong soil 
food web with many diverse organisms, 
pathogens are kept in check. 
A strong food web prevents one species 
dominating and becoming a pest to the 
farmer, or causing soil diseases. 
6. Binding soil particles into aggregates  
Soil organisms produce organic ‗glues‘ and 
fungal threads that hold soil particles and 
bits of organic matter together to form soil 
lumps or aggregates. 
Soil aggregates are the basis of good soil 
structure. 
Aggregates hold moisture and nutrients, 
improve airflow and drainage, and 
enhance root growth  
Tiny spaces within the aggregates hold air, 
water and nutrients that roots can access. 
Larger spaces between aggregates allow 
excess water to drain.  
 
The multiple benefits of considering a soil in biological terms and not merely as 
a physico-chemical system suggests that the term organic fertiliser is perhaps too 
restrictive in its implications. For this reason, the term ‗organic soil amendment’ is 
preferable where organic farming approaches are used to achieve effects that go 
beyond contributions to the chemical properties and nutrient pool of soils. This term 
is used to include such things as organic surface mulches used to protect soil 
moisture, to buffer soil temperatures and to reduce weed competition with crops, and 
more widely still for plant-based approaches (such as the planting of vegetative 
contour banks) to reducing soil erosion.  
5. Organic soil amendments in the tropics – examples 
5.1. Organic fertiliser realities in Sumba 
In Sumba, it is only in the lowlands that any significant use of fertiliser occurs. Low 
rates of inorganic nitrogen fertiliser are used in some lowland rice paddy fields. In fields 
close to commercial markets, such as around the fringes of Waingapu city, it is quite 
common for modest levels of manures (chicken, goat, pig and cattle) from small 
household livestock activities, to be used in well targeted applications beneath annual 
vegetable crops or at planting time to ensure the establishment and early growth of fruit 
trees. Quick growing leafy brassica crops, amaranthus spinach, chillies, egg-plant, red 
onions and tomatoes are the kind of crops that are favoured with manures. Wood ash as 
well as leaf mold especially from beneath Tamarindus indica trees but also from 
Leucana leucocephala and Glyricidia sepium groves may also be used in the same way, 
and dug in around fruit trees such as papaya and citrus, but there is rarely any 
systematic scheduling of organic fertiliser applications in these.  
In the uplands of East Sumba, current livestock grazing practices result in animal 
manures being usually widely dispersed over the country side, usually well away from 
the pockets of arable land used for crop production. Broad scale firing of grazing land 
results in losses into the atmosphere of much of the carbon and some of the nitrogen 
contained in this manure and in the above ground pasture residue. However, there are 
benefits in the immediate availability of the mineral content (e.g. phosphorous and 
potassium) from the ashes of these burned residues, which is in part responsible for the 
flush of young green pick so valued by the pastoralists grazing their livestock on the 
slopes (Debano and Conrad, 1978; Ilstedt et al., 2003). Unfortunately, this is a short-
term strategy because, the practice of widespread burning of the slopeland exposes it to 
sheet and gully erosion when the wet season returns (Hogben et al. 2014). Remote 
sensing reveals that fires in the late dry season burn on average 29% of eastern Sumba 
(comprising mostly grassland savannah), and 11% of central Flores (with large forested 
areas) and that while the great majority of individual fires are less than 5 ha, some late 
dry season fires can be hundreds of hectares in extent (Fisher et al., 2006). 
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This is the reality in much of the semi-arid zone of the Malesian archipelago. For 
example, during more than ten years of close observation of upland cropping practices 
in Timor Leste, the Seeds of Life project have recorded that with very few exceptions 
upland staple crops such as maize and cassava are grown without fertiliser – neither 
inorganic fertilisers nor manure and organics are used (SOL, 2007; p 133). Although the 
circumstances of Timor Leste are somewhat different from those in East Sumba, useful 
parallels can be drawn as the following observations suggest: 
The mountainous spine along the island is composed of soft sediments, shales, 
sandstones and limestones imbedded with small areas of igneous and some 
metamorphic rock (Thompson, 2011). Much of the terrain is steep. In Timor-Leste, 44% 
of the land has a slope of 40% or greater, a vast majority of which has only a thin 
covering of productive soil. The soils, particularly those on the slopes are generally thin 
and impoverished and are becoming even less fertile over time through increased 
nutrient depletion from leaching and erosion after torrential rainfall, deforestation, 
grazing and over-cropping. There are no volcanoes in Timor-Leste, or deep volcanic 
soils. 
Slash and burn agriculture exacerbates the soil infertility problem as does the free 
grazing, seasonal bush burning and fire wood collection (UNDP, 2011). To deal with 
this ongoing problem, some farming communities have developed indigenous forms of 
soil conservation. For example, weeds are often cut and laid in the crop rows to reduce 
erosion and cereals may be intercropped with legumes. Subsistence farmers do not 
apply artificial fertilizers, few of which are available in the market place except in 
towns along the Indonesian border. In 2008 and 2009, the GOTL imported fertilizers to 
apply to hybrid rice crops grown in the irrigated areas but little of this reached the 
upland areas. Anecdotal evidence indicates that farmers are not in favour of applying 
chemical fertilizers because their use during earlier years led to lower yields in 
subsequent cropping years. As a result, low demand limits the amount of chemical 
fertilizer available in the markets.‘ (Lopes and Nesbitt, 2012). 
In the subsistence farming system of upland East Sumba, crop production is low 
and losses of nutrients in produce harvested for human consumption and sale in distant 
markets is also relatively low. In a stable agricultural environment, organic sources of 
nutrients from natural occurring processes may be adequate to meet this low level of 
demand. However, by far the most important variable determining whether such a stable 
situation can be maintained is the quantity of nutrients that are lost to the system 
because of erosion, runoff and leaching of nutrients. Sadly, in much of upland Nusa 
Tenggara Timor, as in East Sumba, the evidence suggests that these losses over the past 
century have been dramatic and sustained (Ormeling, 1957; Fisher et al., 2006; Hobgen 
et al., 2014). Without taking measures to control these losses, the application of organic 
fertilisers to cropping land by human intervention would have to be substantial to have 
any possibility of maintaining nutrient levels required for the low level of current 
production, let alone of increasing them. 
5.2. Classifying organic amendments 
For this reason, in considering the ways in which available natural resources in 
tropical environments like East Sumba could be used to amend soils for the 
improvement and long term sustainability of crop production it is important to think 
more broadly than just the way in which they can contribute directly to soil nutrient 
status. Table 3 attempts such a broad ranging classification of the types of natural 
resources that are currently or potentially available in East Sumba for a range of 
different soil amendment functions. 
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Table 3. Classification of some natural resources currently or potentially useful for soil 
improvement purposes in East Sumba together with some typical examples 
Category of Use  
 Main benefits  
Types of Resources  
 Specific Examples 
Organic fertiliser 
Source of plant 
available nutrients 
and soil organic 
matter 
 
Manure from small scale livestock activities 
Manure from some ruminants (cattle, buffalo, goats) penned at night and manure 
from dogs kept close to households; throughout much of East Sumba. 
Manure from penned pigs passing through household biogas plants. Pig manure 
available in small amounts through much of East Sumba (Sundar Bajgain, 2011). 
Horse manure from stabled horses, particularly near Waingapu  
 
Manure from Intensive livestock enterprises 
Stockpiled litter from small family-owned commercial broiler chicken sheds; 
near Waingapu in significant amounts 
Stockpiled ruminant manure from quarantine yards and from slaughter house 
yardings; near Waingapu in significant amounts 
 
Processed wastes from animal and fish (e.g. blood and bone) 
Blood and bone fertilisers and fish emulsions are commercial products made 
from processing waste from abattoirs, slaughter houses (Chen Lin, 2008). 
Currently imported products only. Potential by-product of a local abattoir. 
 
Ash from wood and vegetation 
Ash produced from slash and burn techniques. Common technique in opening 
new patch of cropping land in Sumba (Ilstedt et al., 2003; Fisher et al., 2006; 
Verma and Jayakumar, 2012) 
Ash from distributing and burning stock piled leaves of palmyra 
(‗lontar‘)Borassus flabellifer, coconut (‗kelapa‘) Cocos nucifera, banana 
(‗pisang‘)Musa spp. Technique commonly used in islands of Savu and Roti 
(Fox, 1977) 
 
High grade composted leaf mould 
Deep leaf litter from under long established tamarind trees (‗pohon asam‘) 
Tamarindus indica. A well-known and widely used fertiliser where available. 
Large ancient trees are sparsely located in villages (Samahadthai et al., 2010). 
Soil Builder 








Compostable plant residues 
Carbonaceous residues including rice stubble (‗jerami‘); stover from crops like 
corn (‗jagung‘), sorghum (‗sorghum‘) and cassava (‘singkong’); slashed mature 
grasses and mature fibrous weeds; wood shavings and sawdust. Widely 
available. In composts, must be mixed with green materials to ensure overall 
Carbon/Nitrogen ratio is below 30 (Dalzell, 1987; Rynk et al., 1992). 
Nitrogenous residues including stover from leguminous crops like peanut 
(‗kacang tanah‘) Arachis hypogaea, mungbean (‗kacang hijau‘) Vigna radiata 
and soybean (‗kedelai‘) Glycine max, as well as green weeds from crops. 
Nutrient rich house kitchen scraps, urine and seaweed. Common in small 
amounts, suitable for nitrogen-enrichment of compost heaps (Misra et al., 2003). 
 
Channel sediments 
Organic muds removed from irrigation channels and wayside gutters can be used 
as a soil conditioner and for field levelling purposes (King, 1911). Potentially 
plentiful, rich organic resource; however, quality needs to be evaluated for 
freedom from toxic factors like heavy metals and for compatibility (re pH, 
texture etc.) with soil type. 
Mulch 
Reduce moisture 







Low grade fibrous plant residues 
Rice straw (jerami) is ideal. Twigs and woody materials sifted out from compost. 
Wood chips and shavings; widely available (Erenstein, 2003; O‘Gara, 2010) 
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Category of Use  
 Main benefits  
Types of Resources  
 Specific Examples 
Green manure 




raise soil organic 
matter, for 
surface mulching, 
and for enriching 
compost 
 
Leguminous cover crops grown for green biomass and incorporated into 
soil 
Examples include vigorous growing grass and leguminous crops like sorghum 
(‗sorghum‘) Sorghum spp.; cowpea (‗kacangtunggak‘) Vigna unguiculata 
subsp. unguiculata; hyacinth bean (‗kacang komak‘) Lablab purpureus; sunn 
hemp Crotalaria juncea planted into exhausted cropping fields and ploughed 
into restore nitrogen and organic carbon levels of the soil: A quick way of 
upgrading organic matter and nitrogen of a cropping field but disadvantage is 
that there is a missed season of productivity and seed may be unavailable or 
costly (Van der Maesen and Somaatmadja, 1992; Traynor et al., 2010; Wang 
and McSorley, 2012; Erenstein, 2003). 
 
Leguminous intercrops  
Sown sparsely between main food may produce harvestable produce or else be 
ploughed in as green manure before fruiting; examples include mungbean 
(‗kacang hijau‘) Vigna radiata; long bean (‗kacang panjang‘) Vigna 
unguiculata subsp. sesquipedalis ; common bean (‗kacang buncis‘) Phaseolus 
vulgaris; peanut (‗kacang tanah‘) Arachis hypogaea; pigeon pea (‗kacang 
gude‘) Cajanus cajans; winged bean (‗kacang kecipir‘) Psophocarpus 
tetragonolobus; jack bean (‗kacang parang‘) Canavalia ensiformis; jicama 
(‗bengkuang‘)Pachyrhizus erosus (Van der Maesen and Somaatmadja, 1992; 
Scopel et al., 2010) 
 
Leguminous alley crops  
Leguminous shrubby trees in appropriately spaced rows between main crops 
(e.g. in the Amarasi system of Timor). Cut leguminous foliage and leaf litter 
may be used as forage or ploughed in for soil restoration. Some species used 
include leucaena (‗lamtoro‘)Leucaena leucocephala; gliricidia 
(‗gamal‘)Gliricidia sepium; agati (‗kacang turi‘) Sesbania grandiflora; 
calliandra (Calliandracalothyrsus) (Piggin, 2003; Gutteridge and Shelton, 
1998) 
 
Leguminous relay crop 
Viny herbaceous legume sown as inter crop at least one month after planting 
the staple crop (e.g. maize) is planted and produces a cover that smothers weed 
and is ploughed into restore soil fertility. Some species include velvet bean 
Mucuna pruriens var utilis; blue pea (‗kembang telang‘) Clitorea ternatea; 
butterfly pea Centrosema pubescens; siratro Macroptilium atropurpureum. 
(SOL, 2010; Erenstein, 2003) 
Contour banks and 
wind breaks 
Control soil erosion 
by slowing runoff 
and directing flow 
of water or by 
reducing wind 
action 
Vegetation hedges  
Planted closely in hedge rows on the contour, vetiver grass (‗agar wangi‘) 
Chrysopogon zizanioidesslows down runoff from sloping land, filtering soil out 
of it and terracing the land behind it (Truong et al., 2011). Other species that 
have been similarly used include leucaena (‗lamtoro‘) Leucaena leucocephala 
such as in Sikka system in Flores and calliandra (Calliandracalothyrsus) 
 
Earthen banks and stone walls built on contour 
Traditional terrace building techniques based on earthen banks and carefully 
constructed stone walls have a venerable history in Indonesia including in east 
Sumba. Such banks and walls are often consolidated by vegetation (e.g. with a 
vetiver row) (Rahman et al., 2007) 
 
Wind breaks and boundary protection 
Closely planted trees, tall-growing shrubs and tall grass hedges forming living 
fences protect soil from erosion that result from the action of wind and water. 
Such wind breaks need to be managed by regular pruning so as not to compete 
with subsistence crops (e.g. for light and moisture) and so as not to harbour pests 
(e.g. rodents). The prunings can be used as surface mulches; as green leaf 
component in compost; or in cases where they are high in nitrogen content and 
easily decomposed can be incorporated directly into cropping soils. Some typical 
species include palmyra (‗lontar‘) Borassus flabellifer; she-oak (‗cemaralaut‘) 
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Casuarina equisetifolia; drumstick tree (‗kelor’) Moringa oleifera; Indian cherry 
(‗kendal‘)Cordia dichotoma; physic nut Jatropha curcas (‗jarak pagar‘); coral 
tree (‗dadap’) Erythrinavariegata; leucaena ‗(lamtoro’) Leucaena 
leucopcephala; gliricidia (‗gamal‘) Gliricidiasepium; candlenut Aleurites 
Moluccana (‗kemiri‘) ming aralia (‗daun berlangkas‘) Polyscias fruticosa; 
kusum Schleichera oleosa (‗kesambi‘); neem (‗pohon mimba‘) 
Azadirachtaindica; screw pine (‗pandan laut‘) Pandanus tectorius); napier grass 
(‗rumput gajah‘) Pennisetum purpureum; sugar cane ‗(tebu‘) Saccharum spp.; 
giant bamboo (‗bambu gombong‘) Gigantochloa verticillata; male bamboo 
(‗bambu baru‘) Dendrocalamus strictus; asper bamboo (‗bambu petung‘) 
Dendrocalamus asper; spiny bamboo ( ‗bamboo duri‘) Bambusa 
blumeana;‗(bamboo tamiang‘) Schizostachyum blumei ( Hanum and Van der 
Maesen, 1997; Gutteridge and Shelton, 1998) 
A conclusion that can be drawn from this quick survey of soil amendment 
possibilities is the considerable complexity of the issues involved in arriving at firm 
recommendations for agricultural extension and research in East Sumba. At one level, it 
may seem adequate simply to tick off a current practice that appears to work and then to 
arrange for a series of demonstration plots and well-crafted messages to ensure the 
message gets out and is applied as widely as possible. But even here, problems arise, for 
there is a question of how wide is the domain of applicability for any given practice 
given the diversity of environmental and socio-economic circumstances in East Sumba. 
To take just one example: if it should be found that animal manures or composts 
produce an economic benefit for farmers near Waingapu growing leaf vegetables for 
metropolitan markets, is it safe to conclude that such practices will benefit and should 
be extended through demonstration plots to vegetable growers in the upland villages of 
Kambaniru catchment? 
6. Organic soil amendments in the tropics - applications 
The question of how we might arrive at setting priorities for research into possible 
new technologies is a daunting task. Ignoring economic and socio-cultural issues for the 
present, consider the complexities of researching the ecology of fertiliser impacts on 
soils and plant productivity. Figure 3 drawn from a study of soil degradation and 
rehabilitation in humid tropical forests of Sabah in Malaysia is a generalised model of 
the flow of nutrients that needs to be considered in analysing the fate of any fertiliser 
intervention (Ilstedt, 2002). In a limited time-frame and on a limited budget, parsimony 
is required in deciding the best research pathway to practical recommendations for the 
benefit of farmers. But having such a model in mind allows for a realistic understanding 
of how the compromises that need to be made in setting research priorities may limit the 
outcomes from that research 
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Fig. 3. Pathway analysis of a two-year research program into the effects of ash, 
inorganic nutrients and organic amendments on a disturbed forest ecosystem in Sabah 
Malaysia (Ilstedt, 2002, p. 27). 
A good practical example of the complexities involved in researching a proposed 
intervention to improve subsistence cropping system in semi-arid Nusa Tenggara Timur 
is the long running investigation into the use of a velvet bean (Mucuna pruriens var 
utilis) relay crop in maize farming systems in Timor Leste. In preliminary work with 
farmers in 2004/5 it was recognised that farmers had long known techniques for 
preparing the velvet bean seed for food purposes and recognised the potential land 
management benefits of a velvet bean cover crop. Subsequent research involving 
replicated sites of the maize/velvet bean intercrop at multiple locations over a five-year 
period from 2006 and 2010 produced mixed results leading to an appreciation of just 
how finely tuned such a system must be to produce benefits for farmers. Research was 
essential to develop properly calibrated recommendations: 
A number of trials failed to produce results, often due to the lack of rain, or because 
of other research site characteristics. Nevertheless, a few points have largely been 
demonstrated. These are summarized as follows: 
• The use of intercropped velvet bean significantly reduced the weed burden during the 
first season it was planted. The combination of velvet bean and at least one weeding 
resulted in the absence of weeds at harvest, confirming farmers‘ observations. 
• The planting time of the velvet bean is critical. If planted too early, velvet bean 
competes with the maize and can significantly reduce its yields. If planted too late, 
the velvet bean doesn‘t grow vigorously enough to reduce the weed burden. The 
ideal timing appears to be one month after planting the maize. Local and annual 
variations in rainfall patterns must be taken into account. 
• The benefits of using velvet bean to increase maize yields appear to accrue quickly. 
Significant effects have been recorded after only one of two velvet bean cycles. 
These long-term effects need to be measured more precisely with the implementation 
of long term trials on the same plots. Effects are expected … on soils low in nitrogen 
and where water is not a limiting factor. 
• The effect of different velvet bean varieties and other vigorous climbing legumes 
deserves to be investigated further, particularly species and varieties with easy-
cooking beans. Trials of this nature will continue Sol (2010, p.167). 
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The words of Erenstein (2003, p.17) also in the context of research into green 
manures and mulching could equally be applied to all attempts to develop new soil 
amendment practices for the improvement of subsistence farming. Mulching is not a 
simple single component technology that can be easily transferred. It is a complex 
basket of interrelated practices—including (i) necessary practices so as to ensure the 
production and retention of sufficient mulch and (ii) complementary practices in order 
to be able to grow a crop and/or maintain yield levels. This typically implies several 
adaptations to the entire farm production system. Whether mulching actually is a viable 
component for smallholder conservation farming in developing countries depends on a 
number of factors, including bio-physical, technological, farm level and institutional 
factors. The combination of these factors determines the feasibility of and the economic 
returns to mulching practices—and thereby farmer acceptance. 
Nevertheless, such research and development (R&D) efforts if they neglect to 
involve the direct participation of farmers at all stages in the R&D process are doomed 
to failure. The importance of this approach cannot be overemphasized if tangible cost-
effective results are the goal of our research (Lacoste et al., 2012; Smajgl, 2010). 
6.1. Organic soil amendments in the tropics 
Organic nutrient sources are highly heterogeneous and vary in quality and 
quantity. Their nutrients are mostly in organic forms which must be broken down to 
inorganic forms before becoming available to plants. The other, bound, nutrients in 
organic fertilisers are available more slowly over a longer period than those in most 
manufactured fertilisers. This may be a disadvantage when plants have an immediate 
need for nutrients but it can be an advantage under high leaching conditions in that 
nutrient loss from the soil is reduced. The quality aspect is important in determining 
the nutrient release potential of the organic fertilizer. Microorganisms that 
decompose organic fertilizers use the carbon in such materials as an energy source 
for growth. Required in even bigger quantities by microorganisms for growth and 
reproduction is nitrogen (N). 
In the tropics and subtropics, high temperatures cause rapid decomposition and 
mineralisation of organic matter. When compared with more temperate agricultural 
climates, much larger quantities of organic matter must be supplied either naturally 
or by human agencies if the humus content of tropical soils is to be maintained. 
6.2. Long-term organic soil amendment trial in Northeast Thailand 
In the widespread conversion of forest land to agricultural land that has occurred 
through much of tropical Asia in the last fifty years there has been significant soil 
degradation as measured in terms of declines in soil organic matter (SOM) and 
fertility. The findings of Vityakon and her co-workers in Northeast Thailand can be 
taken as representative of many similar locations in the semi-arid tropics of Asia. 
Investigating the fragile sandy loam soils of the Northeast, these workers measured 
rates of soil erosion from upland cassava and sugarcane land in the order of 20 ton 
per hectare per year compared with losses of only 1.8 ton per hectare per year from 
beneath adjacent dry Dipterocarp forest areas (Vityakon et al., 2004). Soil Organic 
Carbon (SOC) content in three adjacent plots - upland forest; 10-year continuous 
upland cassava; and paddy rice - was measured at 10.2 g kg
-1
, 6.1 g kg
-1
 and 5.5 g kg
-
1
 respectively (Vityakon, 1991)). Without addition of organic residues, ongoing soil 





(Vityakon et al., 2000). All pools of soil organic matter (total C, total N; both labile 
and stable fractions) were at lower concentrations in the upland cultivated fields 
(sugar cane and cassava) than in the lowland paddy fields and in upland forest 
Eagleton G. 2017 
74  
(Tangtrakarnpong, 2002; Tangtrakarnpong and Vityakon, 2002). Associated with 
these declines in organic matter, losses of nitrogen, phosphorus and potassium 
eroded from the cassava and sugarcane fields were up to ten times the rates of loss 
from the forested plots. Low ground coverage, low inputs of organic residues and 
frequent ploughing especially during heavy rains were the main causes of soil losses 
in these upland fields (Vityakon et al., 2004). The wetter, more clayey, fields of 
nearby lower-elevation paddy rice were less dramatically affected than the sandy 
loam dryland farmed fields. 
The Thai workers went on to investigate whether these serious declines in soil 
quality could be ameliorated by the addition of organic soil amendments. They 
examined the effects on soil properties of various organic materials derived from 
crop residues and wayside shrubs and trees commonly found in rural Southeast Asia 
(Vityakon et al., 2000). In one of the trials the effect of these organic materials was 
compared in a replicated experiment on a well-aerated upland cropping soil (Table 
4). The carbon (C) and nitrogen (N) of content of each type of residue was measured 
(from which Carbon to Nitrogen ratio, i.e. C/N ratio, could be calculated) as were the 
contents of lignins, and of polyphenols in the residues. Lignin is a complex, tough 
carbonaceous material which along with cellulose forms the fibrous woody 
thickening of cell walls; structurally, it is a heterogeneous polymer of aromatic 
alcohols. Polyphenols such as condensed tannins are polymers made up of phenol 
structural units. High lignin and polyphenolic content in organic matter slows down 
decomposition by soil microorganisms. On the other hand, a high nitrogen content 
relative to carbon content (i.e. a low C/N ratio) in organic matter speeds up its rate of 
decomposition. 
 These residues were evenly distributed on the soil surface and ploughed in to 15 
cm depth. The effects of these amendments on the properties of the upper 15 cm of 
the soils were measured in terms of the total C content, soil particle size distribution, 
microbial biomass N and mineral N, during the next year. Then, on the upland sandy 
loam soil only, some of these treatments were repeated annually for the next nine 
years with the effect on soil properties of long term soil amendment being measured 
for a full decade (Samahadthai et al., 2010). 
Table 4. Yearly additions of organic residues on an upland sandy loam cropping soil 
(Vityakon et al., 2000) 













Peanut stover (high) 











The chemical composition of these organic residues with respect to their 
constituent carbon (C) compounds can be divided into two major categories based on 
their ability to restore soil fertility. The first category consists of ‗labile‘ C 
compounds, including sugar, carbohydrate, and celluloses that are easily 
decomposable and provide a ready source of energy for decomposer organisms. In 
the second category are those compounds, such as lignin and polyphenols, that are 
‗resistant‘ or ‗recalcitrant‘ to biological decomposition and do not provide a ready 
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source of energy. These different compounds are involved in aggregate formation, 
i.e. stable Soil Organic Matter (SOM) formation, in different ways. 
Among the residues added to the soil in the Northeast Thai trials, the leguminous 
material (Peanut stover and Sesbania) had low C/N ratios, lignin and polyphenol 
contents, whereas rice straw had a very high C/N ratio. The leaves (attached to small 
twigs) of Tamarind trees had intermediate C/N ratio and high lignin and polyphenol 
content while the Dipterocarp leaves were characterized by high C/N ratio, and very 
high lignin and polyphenol contents. 
During the first year of the trials, the Dipterocarp and Tamarind leaf materials, 
despite slow decomposition, apparently resulted in only moderate soil C (<1 mm) 
build-up because a large proportion of their residues remained, undecomposed, in 
large particulate form (> 1 mm). The mixtures of Peanut stover or Sesbania with rice 
straw were among those residue treatments that led to the highest soil C (<1 mm) 
build-up under both upland and lowland paddy field conditions. 
During that first year, peanut stover added to the aerobic upland soils resulted in 
immediate net N mineralisation but also an early decline in soil mineral N 
presumably due to rapid leaching. By mixing groundnut or Sesbania with rice straw 
with a high C/N ratio, residue N mineralisation could be delayed and prolonged, 
(with potential benefits for crops that might be grown in the soils, by improving the 
synchrony (timing) of the N release with crop demand). 
At the end of the ten-year study, the authors concluded as follows: ‗Tamarind 
followed by groundnut residues showed high SOC [Soil Organic Carbon] 
accumulation due to C stabilized in the soil matrix, notably in small macro-
aggregates which provides for the highest proportion of stabilized form of C in the 
long term in a coarse-textured soil, whereas dipterocarp did not produce as high an 
accumulation because most of the SOC remained in the litter and LF [light fraction 
of the particulate organic matter] pool, while little was stabilized in the soil matrix. 
The chemical composition of rice straw (high cellulose, but low N and recalcitrant 
compound contents) did not favor SOC stabilization in any SOM [Soil Organic 
Matter] pools. 
To improve SOM levels of sandy tropical soils employing organic amendments, 
care must be taken in selecting organic amendments with appropriate quality. 
Residues with quality comparable to the tamarind residues employed in this study 
should be used. However, because rice straw is relatively abundant in farming 
systems like those of Northeast Thailand, farmers can still make use of it if they mix 
it with other residues containing some recalcitrant and nitrogenous compounds, like 
tamarind residues, in order to build up SOM in the long term.‘ (Samahadthai et al., 
2010). 
These research findings have implications that extend beyond the specific 
circumstances of the sandy loam upland soils of Northeast Thailand and the types of 
organic materials that were evaluated there. Palm et al. (2001) reported the results of 
a meta-study of the effects of a wide range of organic soil amendments used in the 
tropics (including animal manures, crop residues, and materials from wayside trees 
and plants) on a variety of tropical soil types within mainly dryland cropping 
agroecosystems. The data from 1,929 entries (many from east and southern African 
research, but also from Asian, Latin American and tropical African studies) was used 
to draw broad conclusions about the chemical properties of such amendments and 
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their potential to affect the properties of soils to which they are added.  
Based on database of this kind, a management ‗Decision Tree‘ has been 
developed for selecting organic materials as a N source for improving cropping soils 
(Palm et al., 1997). The decision tree results in four categories of materials that can 
be used for (1) applying directly to the soil as an immediate source of N (category 1), 
(2) mixing with fertilizers (category 2), (3) composting (category 3), or (4) surface 
mulching for erosion control (category 4) (Figure 4).  
This ‗Decision Tree‘ employs a minimum set of quality criteria (i.e. nitrogen, 
lignin and polyphenol content) that can be used to identify organic materials suitable 
for use in one or other of the four management options. It can be used to help make 
decisions about how best to utilise different types of plant derived organic matter of 
relevance mainly to dryland field cropping agroecosystems in the tropics. 
 
Fig. 4. A ―decision tree‖ that can be used for assigning different organic materials 
into four management categories based on their measured N, lignin, and polyphenol 
contents (Source: Palm et al. (1997). 
7. Conclusion 
Organic amendments for application on dryland cropping soils in the semi-arid 
tropics are used for a variety of purposes, not merely for their plant-available nutrient 
content which is often quite low compared with inorganic fertilisers. They provide 
many benefits not only via their direct effects on the physico-chemical properties soils 
but by their long-term effects on the soil ecosystems. In trials carried out concurrently 
with this review (but not reported here) there was an overall statistically significant 
benefit to the growth of groundnuts of incorporating animal manures at four farms with 
Vertisol soils on the Waingapu alluvial plains and one highly significant benefit to the 
growth of okra from applying our own multi-component compost. But on an elevated 
calcareous marl soil, peanut growth and yield were seriously curtailed by an apparent 
micro-nutrient deficiency that was not ameliorated by application of manure but partly 
ameliorated by the application of iron sulphate applied as a foliar spray (please email 
the author for a report of these trials).  
As Ives (1973) suggested, the high content of calcium and magnesium in many 
soils of East Sumba is likely responsible for making phosphorus less available to plants 
and inducing specificmicronutrient deficiencies. Any organic fertiliser practices that can 
ameliorate this on soils so affected will probably produce benefits to crop production on 
soils that outweigh the costs of application. However, even more important to human 
welfare could be the choice of appropriate crop species, crop varieties, and plant 
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combinations with tolerance to these soil limitations. No doubt farmers in Sumba have 
long recognised the benefit of appropriate crop choicesand varietal selection. 
 It is often a difficult research task to demonstrate in a single reductionist empirical 
experiment that a new organic amendment can produce benefits that out-weigh the 
costs. Meta-studies benefiting from the accumulation of research finding across diverse 
but comparable experimental results can give confidence to precede with recommending 
a new amendment until such times as field experience gives rise to new evidence on 
which to abandon or adjust the recommendation. 
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